This paper presents results of two cross-sectional investigations of educational and interpersonal climate in a college of engineering at a large mid-western university. In 2008 and in 2015 we deployed a survey ("Project to Assess Climate in Engineering") to undergraduate engineering students. In each survey year, just over 1000 eligible students participated and responded to items contributing to scales rating their professors, teaching assistants, college resources, confidence (self-efficacy) in engineering, student interactions, perceptions of engineering, and commitment to an engineering major. Participants were also asked about experiences of being singled-out based on race or gender, hearing gender or racial stereotypes expressed by faculty or students, sexual harassment and racial harassment. Scale means and some individual items were analyzed for differences by demographic group, and were compared to data collected by the same institution in 2008. Results revealed significant differences in attitudes and experiences from 2008 to 2015 for the entire sample and within demographic groups. For example, experiences of stereotyping and being singled-out due to gender or race were reported at higher rates across all groups in 2015 compared to 2008, while engineering selfefficacy, ratings of professors and student interactions were lower. To investigate the influence of demographic and scale factors on commitment to major, we formed regression equations for each survey year. In 2015, perceptions of engineering, engineering self-efficacy and professor ratings predicted commitment to major. Regression results differed significantly in 2008 and 2015. Among other findings, while underrepresented minority and international status negatively influenced commitment to major in 2008, neither underrepresented minority nor international status had a significant influence on commitment to major in our 2015 sample.
Introduction
The loss of students from engineering often represents lost economic opportunities for individuals, families, and society and can be a loss for post-secondary institutions who have an educational mission but also a mission to graduate students with strong employment prospects 1 . Further, engineering as a field has lagged other fields in representation of women and racial/ethnic minority students, leading to long-standing calls for increased recruitment and retention of women and minorities to increase the number of individuals graduating from and practicing in engineering 2, 3 . There is a large literature base over the last 40 years investigating factors associated with retention in undergraduate engineering education. Many studies have focused on identifying pre-college factors (high school GPA, rank, high school course rigor, standardized test scores, personality and psychological variables, etc.) associated with engineering graduation, following a model first introduced by Tinto in 1993 4 . Results of these studies allow better targeting of admissions to particular student achievement characteristics and may maximize educational resources and improve retention rates. However, such research does not provide guidance in why high-achieving students, particularly women and racial/ethnic minorities enroll in but then leave engineering education, or how such influences might be changing over time.
A second category of studies has considered the learning and interpersonal environment of engineering and the interaction with student characteristics that might influence students' decisions to remain in or leave engineering education. Some studies have described the totality of the college environment as the "climate", a term that attempts to capture the classroom, lab, resources and extracurricular contextual factors that may influence students' decisions to remain in the college or transfer to other majors, institutions or out of post-secondary education 6 . The present study falls within this line of inquiry, and aims to demonstrate that repeated measures of college climate are an important mechanism for engineering colleges to monitor the impact of educational environment on students and make adjustments to promote student retention.
College Climate Research
The application of the term "climate" to organizations grew from an industrial and organizational research framework and provides a holistic perspective on how an organization functions, and thus influences how individuals situated within the organization function 7 . Definitions and operational measures vary widely, but generally share the basis that climate is a "common member perception of attitudes towards and feelings about organizational life" 8 . In 1992, Hurtado 9 utilized the climate concept to study the racial dynamics and conflict in higher education. Fifteen years later, Harper and Hurtado 10 surveyed the literature on campus racial climates and categorized over 30 qualitative and quantitative studies. These authors argued that the literature on campus racial climate supports the conclusion that a negative racial climate inhibits learning, and made the specific recommendation for ongoing assessment of campus racial climate. More recently, a study of 1,491 students at a large, predominantly white research institution found that observations of racism and feelings about the campus environment had both direct and indirect influence on the persistence of students of color 11 . In addition to racial dynamics, gender disparities in higher education climate persist. Despite high representation overall of women in higher education 12 , researchers have described the classroom environment for women in higher education as "chilly" 13, 14 , and suggest that women's major choices may be related to differentially chilly climates in schools, colleges and academic departments.
Engineering Climate Research
Assessments of climate within engineering schools and colleges were developed to probe the differential retention of women when compared to men in undergraduate engineering programs, and later expanded to include questions about racial dynamics 16, 17 . In 1999, Metz, Brainard and Gilmore 18 reported on a pilot 45-item climate survey as a method to assess engineering students' perceptions of the educational climate, and aimed to identify variables related to lower persistence of women. Researchers found differences in responses between men and women in academic confidence in engineering and physics courses, the belief that engineering is the right major, comfort using lab equipment and comfort asking questions in class. In 2008, some of the same researchers were involved in the development and deployment of the national Project to Assess Climate in Engineering ("PACE") survey 19 . The survey at that time was expanded substantially to investigate a wide variety of items and constructs that had been theorized or demonstrated in the literature to be related to differential retention of women and students of color, including engineering self-efficacy 20,21 , outcome expectations 22 , racial/ethnic stereotyping and harassment 16 . The second deployment of the PACE survey in 2012 was further expanded to include questions about stereotyping and harassment related to sexual orientation. Litzer and Young 23 utilized the 2008 PACE data from more than 10,000 engineering students at 22 institutions to perform a multinomial logistic regression analysis investigating the risk of attrition in undergraduate programs. These researchers modeled attrition risk as three latent classes of students which they termed "Committed" (52%), "Committed with Ambivalence" (41%) and "At-Risk of Attrition" (7%), and calculated the probability of students from demographic groups of belonging to a class. For example, they found that while females were less likely than males to be in the "Committed" group, the difference in likelihood disappeared after accounting for by student experiences and perceptions. Researchers did not report on variables associated with stereotyping and harassment, perhaps because these variables were non-significant (E. Litzler, personal communication, May 2015). This study is important as the largest investigation of the influence of educational climate in engineering on student retention. However, the relative importance and effect size of demographic variables and climate measures in predicting retention is not readily apparent with this analytic approach.
Significance of Present Study
The aim of this study is to build on and extend the results of the PACE research using two cross-sectional data collections at a single large engineering college, to identify and rank factors that may influence student retention in engineering, and to ascertain any significant changes that occurred between 2008 and 2015. First, we identified group differences in perception of college climate, in order to evaluate if some demographic groups are uniquely vulnerable to, or critical of, particular aspects of climate within engineering education. Second, we determined which demographic and climate factors are significant in predicting commitment to an engineering major, the strength of the prediction, and the relative importance of predictor variables for this student sample. Finally, we investigated whether there are differences in climate factors or how such factors interrelate between data collected in 2008 and 2015. The intent of this last goal is to gather evidence as to the importance of repeating measures of college climate at discrete points over time, to capture changes that may be occurring in the college climate or possibly in the attitudes and perceptions of students.
Methods
The PACE was a multi-site research project intended to identify issues that affect persistence rates among engineering undergraduates. The project was intended to be longitudinal and since project initiation, two waves of multi-site data collection have occurred, in 2008 (22 institutions) and 2012 (16 institutions, not including this institution). Our current project is a single-site study utilizing the initial data collection in Spring 2008, and data from a second survey performed at the same institution in Spring 2015, three years after the second national data collection 1 . Changes between survey instruments in 2008 and 2015 were minimal. Data were collected at both time points using online survey software, and student responses were anonymous. Demographics of total college enrollment were obtained from institutional data sources for comparison of participant representation, however no student identifiers were collected and no link was made between student responses and institutional student data. In 2008, Institutional Review Board approval was received for the study. In 2015, the Institutional Review Board identified the project as program evaluation and declined to review.
Methods for participant recruitment and data collection in 2008 and 2015 were nearly identical. Students enrolled in the College of Engineering were invited to participate by emails from the Dean, multiple reminders were sent to encourage student participation, and participants who participated in the survey were offered an incentive to enter a drawing for a cash prize. Data were retained only from students who had taken at least one course offered by the College of Engineering.
Measurement Instruments
In 2008, the survey instrument that was deployed was nearly identical to University of Washington national PACE survey, with some minor customization. The final instrument included 130 total items, divided into sections on overall quality of teaching, engineering professors, teaching assistants, labs, college resources, student interpersonal interactions, participation in student organizations, perceptions of engineering, commitment to major, confidence in academic ability in engineering-preparation and engineering courses, stereotyping/harassment, experiences of transfer students, and demographic questions. The instrument is described in depth in Litzler and Young, 2012 20 . In 2015, researchers for the current study obtained the most recent survey instrument that was used for the 2012 multi-site PACE data collection by the University of Washington. Changes made by the lead PACE team since 2008 were limited to adding several demographic questions and the addition of items intended to more completely measure commitment to major. Researchers for the current study made the following additional minor changes: (1) institutional customization, (2) stereotyping and harassment questions were broadened to include sexual orientation, (3) follow-up questions were added to stereotyping and harassment questions to ask students to identify the source of their experiences (faculty, teaching assistants, other students or other). The complete 2015 survey instrument can be obtained from the lead author.
Response Rates and Characteristics of Samples
In 2008, 3000 students were invited to participate in the study and 1,101 students responded. Of these respondents, 19 students were ineligible since they had not yet taken a course in engineering, representing a usable response rate of 35.6%. In 2015, overall enrollment in the college had grown considerably and 4,552 students were invited to participate in the study. Of the 1,458 students who responded, 1,036 had taken an engineering course and were thus retained in the sample. The overall usable response rate in 2015 was 23%. In both years among respondents, males were slightly underrepresented and females were slightly overrepresented, and respondents had somewhat higher grades than was average for the college. Underrepresented Minority students (includes domestic African American, Hispanic/Latino, Native American/Native Hawaiian, SE Asian or Pacific Islander) in 2008 were underrepresented compared to enrollment, while in 2015 underrepresented minority students responded at levels equal or nearly equal to their college enrollment. Table 1 shows demographic characteristics and missing data for each of the samples. Columns that do not sum to 100% indicate missing data.
Groups that were significantly over-or under-represented compared to their college enrollment are indicated. The majority of variables were formed using a 5-point Likert scale, with response choices matched to the item content, but typically ranging from "Strongly disagree" to "Strongly agree", or "Never" to "Always Questions about specific experiences of stereotyping or harassment offered choices of "Yes", "No", or "Don't Know", and "Don't know" choices were re-coded as "No". Demographic questions asked students to report their sex, racial/ethnic category (respondents could choose multiple category), citizenship status, parent/guardian education level (2015 only), age, grade point average in college and high school (2015 only), family status, disability status, year in school, transfer status and financial sources for tuition payment.
Dependent Variable
The primary outcome variable is scale called Commitment to Major. This scale consisted of four items in 2008, and eight items in 2015 and included items such as "I have no desire to choose another major", "It is my choice to study engineering", "I intend to complete my engineering degree", "I enjoy solving engineering problems", and similar items. The scale was not computed for participants with more than 15% of missing items, e.g. maximum of one missing item in 2008, and two missing items in 2015.
Independent Variables
Binary demographic groups were created for the following variables: Sex, Underrepresented Minority, International Student, High GPA (> 3.5), financial need, work status, first generation status (neither parent graduated from 4-year post-secondary institution; 2015 only). Although there are likely important differences between racial/ethnic minority groups, underrepresented minority students were grouped into a single category because representation was too low to allow for meaningful analysis between groups.
Predictor scales were formed for the following factors. (1) Professors: 21 items (20 in 2008) such as "My engineering professors care whether or not I learn the material", "My engineering professors hold regular office hours", "Professors move through material too quickly". (2) Teaching Assistants: nine items such as "My teaching assistants are knowledgeable about material", "My teaching assistants are good communicators". (3) Student Interaction: originally eight items such as "Group projects are valuable", "I feel a part of an engineering community", "Students help each other succeed in class". Two of these items did not correlate well with other items on the scale. An item asking students to self-rate their engineering ability compared to peers was most closely associated with items on Engineering Self-Efficacy, and logically seemed better associated with that scale. When analyzed with other self-efficacy items, this item increased the overall reliability of the Engineering Self-Efficacy scale. A second item ("Students compete with each other in class") designed to be included in the Student Interaction factor did not correlate well with any items or scales, so was treated individually. Six remaining items made up the Student Interaction scale. (4) Engineering self-efficacy: six items such as "I am confident I can do well in my engineering courses", "Compared to other engineering students, my academic ability is….", (5) Perceptions of Engineering: twelve items such as "Engineers are respected by society", "Engineers can set their own schedules". The Perceptions of Engineering scale was originally designed to be two subscales, one related to perceptions of work-life balance within engineering and the other related to perceptions of general engineering workplace and professional characteristics. In this sample, the complete scale offered more predictive value, however sub-scales were computed to examine group differences by sex. In this sample, scales showed excellent to acceptable internal consistency, with an average α = .749 in the 2008 sample, and α = .782 in the 2015 sample. All scale reliabilities are shown in Table 2 . In 2015, there were 15 items intended to measure students' experiences and observations regarding stereotyping and harassment. The 15 items measured five types of stereotyping/harassment (singling out, faculty expressing stereotypes, students expressing stereotypes (2015 only), faculty harassment, and student harassment) associated with three demographic groups (racial/ethnicity, sex, and sexual orientation-2015 only). While these items were not designed to form a scale, in this sample items were internally correlated and demonstrated Cronbach's α = .730. In the 2008 survey, six items measured racial and sex stereotyping/harassment. Items asking participants about stereotyping/harassment related to sexual orientation and hearing gender/racial stereotypes from other students were added by between the first and second wave of data collection.
Data Analysis
Data from both survey years was initially exported from survey software into an Excel spreadsheet, which was then imported to SPSS software (IBM, Inc.) for statistical analysis. Data were examined for demographic characteristics, missing data, univariate and multivariate outliers, and variable normalcy. Items designed to contribute to a factor scale were investigated for internal consistency, and scale means were computed for those cases that had internal consistency (Cronbach's Alpha) > .6, and no more than 15% missing data on contributing items.
Data analysis proceeded as follows. First, multiple ANOVAs were used to investigate differences and interactions on scales and on several key individual item variables. Scale items between groups generally exhibited homogeneity of variance, however items intended to measure experiences of stereotyping and harassment generally had significantly different variances. This was not surprising since these items had a restricted response set (Yes/No/Don't Know). The Welsh statistic was used to evaluate significant differences when items did not meet the standard of homogeneity of variance. Further, on stereotyping/harassment items that were found to be significant, we also reported "% Yes" to simplify interpretation. Second, 2008 and 2015 data were combined into a single dataset to investigate main effects of demographic variables and interactions with survey year. Multivariate ANOVA was not used because group size became too small with multiple demographic and survey year groupings. Third, stepped hierarchical linear regression analysis was performed to predict Commitment to Major. Predictors included demographic characteristics and survey year (first block), scale means (second block), and stereotype/harassment items (third block). Survey year was found to be a significant predictor in the regression equation, thus in our final analysis, individual regressions were performed on 2008 and 2015 data separately to evaluate the differences in significance and weight of predictor variables.
Results

Descriptive Statistics and Between Group Differences
We were interested in investigating differences in group means on survey factors, and for items associated with stereotyping/harassment. We formed groups for gender, underrepresented minority students, international students, students with high-GPA (> 3.5), low income students, working students and first generation students (2015 only).
In the 2008 sample, we found males rated Professors significantly higher than females (p=.03), and had higher Engineering Self-Efficacy (p=002). Females reported higher rates of three gender stereotyping/harassment items (singled out in class, faculty expressing stereotypes, and sexually harassed by other students). Comparing group means between underrepresented and majority students, we found underrepresented students rated Teaching Assistants higher (p=.04, had more favorable Perceptions of Engineering (p=.028), lower Commitment to Major (p=.04) and reported higher rates of three racial stereotyping/harassment items (singled out in class due to race, harassed by faculty because of race, and harassed by other students due to race). Comparing international to domestic students, international students had lower ratings for Teaching Assistants (p=.014), lower Perceptions of Engineering (p=.000), lower Engineering Self Efficacy (p=002), lower Commitment to Major (p=.000) and reported higher levels of two racial stereotyping/harassment variables (singled out in class due to race, harassed by other students due to race).
In the 2015 sample, we found women reported very small but still significantly lower levels of Engineering Self-Efficacy (p=.045), and higher rates of three gender stereotyping/harassment (singled out in class, faculty expressing stereotypes, and sexually harassed by other students). Underrepresented minority students reported higher levels to stereotyping variables (singled out in class due to race, harassed by other students due to race) than majority students. International students differed from domestic students on their more positive perceptions of Professors (p=.039), and higher reports in all four racial stereotyping/harassment variables (singled out in class due to race, faculty expressing racial stereotypes, and harassed by faculty due to race). In both survey years, High GPA students rated professors significantly higher (Mean Δ 2008 = .13; Mean Δ 2015=.19, p<.001) and had higher Engineering Self-Efficacy (Mean Δ 2008 = .46, Mean Δ 2015=.44,p<.001). In 2015, High GPA students had a higher level of Commitment to Major (Mean Δ 2015=.11 ,p<.002). Finally, as noted in Methods, in 2015 several questions about stereotyping and harassment were added. Three additional questions asked students about hearing or experiencing stereotypical comments about sexual orientation. Two additional questions asked students if they had heard other students express gender or racial stereotypes. More than 38% of students reported hearing other students express gender stereotypes, and 37% of students reported hearing other student express racial stereotypes. Among women who participated in the study, 58% reported hearing other students' express gender stereotypes. Among underrepresented students who participated in the study, 55% reported hearing other students express racial stereotypes.
Comparing 2008 and 2015 student samples, we found students in 2015 evaluated Professors, Student Interactions, Engineering Self-Efficacy significantly lower than did students in 2008. Because items assessing stereotyping and harassment associated with sexual orientation were added after 2008, we could not compare these items. On the six stereotyping/harassment items that were included in both years, students in 2015 endorsed four items at higher levels than in 2008 (singled out because of race, faculty express race stereotypes, singled out because of gender, faculty express gender stereotypes), and two items (sexually harassed by faculty, sexually harassed by other students) at lower levels. Tables 3-6 show group means and standard deviations (sex, underrepresented minority, international students, survey year) on variables for which significant differences were found. After investigating differences by group and by survey year, we investigated how independent variables predicted Commitment to Major, and whether this prediction changed from 2008 to 2015 samples. An initial regression model using data combined from both years and survey year as a predictor found significant differences between survey years, and thus regression equations were computed separately for the two survey years. In 2008, the regression model predicted 17% of the variance found in Commitment to Major. Demographic factors that were significant in predicting Commitment to Major included International status (β = -.102), Underrepresented minority (β = -.076), and scale factors included Perceptions of Engineering (β = .293) and Professors (β = .090). Note that Underrepresented minority students and International Student status negatively predicted commitment to major. By contrast, the regression model in 2015 accounted for a total variance of 28.7%. No demographic variables were significant in predicting Commitment to Major in 2015, but Perceptions of Engineering (β = .305), Engineering Self-Efficacy (β = .251), Professors (β = .095), and Student Interaction (β = .068) were significant. No stereotyping or harassment items were significant in predicting Commitment to Engineering in either model.
Discussion
The aim of this study was to extend the Project to Assess Climate in Engineering (PACE) research results by reporting on group differences and retention prediction for two crosssectional survey deployments at a large, Midwestern engineering college. We found items measuring students' reports of stereotyping and harassment within the College yielded statistically significant differences between groups, with women more likely to report being singled out based on their gender, gender stereotyping, and sexual harassment, and racial/ethnic minorities more likely to report similar experiences associated with race. Our 2008 finding of substantial differences in engineering self-efficacy between women and men are consistent with a large literature base on gender differences in self-efficacy in this field. It is notable that there was no significant difference in Perceptions of Engineering or Commitment to Major between genders in either 2008 or 2015. Indeed, while 6-year retention of women at this institution did lag men in 2008, in the most recent measure (2010), 6-year retention of women and men was different only by a few percentage points.
One of the most interesting findings of this study is how these measures and our prediction of predict Commitment to Major changed over time. As a cross-sectional study, the study design does not allow for any inference of causality for changes over time. There may be cohort differences in students between 2008 and 2015, the college climate itself may have changed, or both. Students in 2015 overall rated professors, student interaction and their own engineering self-efficacy lower than did students in 2008, and there were fairly large increases in reported gender/racial stereotyping and feeling singled-out due to gender and race. Several contextual changes have occurred during this time period. First, enrollment in the college of engineering has grown from 3000 to 4500 students. Second, tuition has increased somewhat, and financial pressures due a difficult economy began in late 2008 and had not completely recovered by 2015. These factors may be related to students' more critical assessment of their educational experiences. Regarding stereotyping and harassment, it is possible that students have become more sensitized to recognizing such experiences. Disturbingly it is equally possible that such experiences have increased. Although we did not find an impact of stereotyping and harassment experiences to Commitment to Major, our finding of substantial reports of stereotyping and harassment experiences is significant for the college, and should be addressed through targeted interventions in order to provide a more welcoming climate to students. Overall, our study reinforces the importance of repeated administration of college climate surveys, because without trend or comparison information such data can be difficult to interpret. Regardless of whether students have increased in sensitivity or there has been an objective decline in racial/gender climate, the fact that in 2015 more than 38% of students report hearing gender stereotypical comments from peers, and more than 37% of students report hearing racial stereotypes from peers is an important and troubling outcome.
While the data analysis did not focus on multivariate group differences or interaction effects, it is clear that the gap in engineering self-efficacy between men and women decreased from 2008 to 2015. The items used to form the engineering self-efficacy factor in both years were identical, and by 2015 the difference between the two groups was small. The difference decreased largely because while females engineering self-efficacy decreased only slightly, males' engineering self-efficacy decreased more markedly. While it is a hopeful outcome that indicates that women's confidence in their engineering abilities is only slightly lower than males, it is disappointing that this self-assessment of ability in engineering academic pursuits has declined for both males and females. Similarly, students rated Professors and student interactions lower.
The ability of predictor variables to account for variance in Commitment to Major was low in both 2008 and 2015, although it was substantially higher in 2015. In between the two surveys, researchers added 4 additional items to measure Commitment to Major, and the internal reliability of this scale increased substantially. It is possible that the 4 items used in 2008 did not adequately capture the domain of Commitment to Major, and thus the relationship of prediction variables and outcome was poor. However, it is also possible that the changes in group differences on variables has influenced the overall model. We note that while gender was not a significant predictor of Commitment to Major in either year, underrepresented minority and international student status were significant and negative predictors in 2008, even after accounting for variance from scales. By 2015, no demographic variable remained in the model after accounting for other predictor variables. Finally, we note that individual items on stereotyping and harassment did not significantly predict Commitment to Major in either 2008 or in 2015. This result is inconsistent with recent studies linking such experiences to decreased retention 11 . It is possible that the still low representation of students who would be targets of such experiences in engineering limits the ability of these variables to significantly influence Commitment to Major. Alternatively, it is possible that students who are targets of stereotyping or harassment and may have responded negatively to such experiences have never entered or already left the college.
Limitations
The study described here is limited in several important ways. First, as alluded to in the Discussion section, the population sample is of students currently enrolled in the college of engineering. Thus, by design we are unable to capture the attitudes and experiences of the engineering college climate of students who never entered or who have already left. Second, our outcome variable ("Commitment to Major") is a measure of attitudes and intentions, and may not reflect actual decisions to remain in or to leave engineering education. Third, the two samples were separated by more than seven years. This has the advantage of being almost entirely different samples since students who were first-year in 2008 are very unlikely to remain in the sample in 2015, and thus allows us to have fully independent samples. However, changes between 2008 and 2015 were fairly large. More incremental survey deployment, perhaps every 2 years, would allow for better modeling of trends. Finally, we were limited by not having valid pre-college data. A more complete picture of Commitment to Major may be obtained were we able to match institutional data to student responses. While this would not allow the survey to be completely anonymous, it would likely allow more accurate predictions.
Conclusions
The present study demonstrated substantial changes over time in important measures of engineering college climate at this institution. Significant changes include: (1) students in 2015 rated professors, student interaction and engineering self-efficacy lower than student ratings in 2008, (2) substantial increases were reported in 2015 in gender and racial stereotyping, and feeling singled out due to gender and race, (3) improved ability to predict Commitment to Major, and demographic group differences in this variable may be fully accounted for by other factors.
Ongoing and regular national as well as local measures of engineering college climate would have many benefits. First, it would allow institutions to identify gaps between their own climate and peer institutions. Second, educational researchers would be able to track national changes in important variables such as engineering self-efficacy, allowing inferences to be made as to whether interventions targeting such variables were having an impact. Finally, a clearer picture may emerge of the influence of gender and racial stereotyping and harassment in engineering education on the underrepresentation of women and some minority groups. This last item may provide institutions with a clear signal on the need for interventions at the student, faculty and staff level. 
